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PRGHOV7KHUHDUHDORWRIH[SHULPHQWDOUHVHDUFKHVIRFXVLQJRQWKHWXUEXOHQWFKDUDFWHULVWLFVRIWKHIORZ>@
6XFFHVVIXOH[DPSOHVRIPRGHOOLQJVWXGLHVKDYHDOVREHHQUHDOL]HGE\VHYHUDOUHVHDUFKHUV>@6DYYLGLVHWDO>@
VWXGLHG WKH ZDWHUV IOXVKLQJ RI WKH KDUERU RI 1HD0RXGDQLD 1 *UHHFH ERWK EDVHG RQ ILHOG PHDVXUHPHQWV DQG
PDWKHPDWLFDOVLPXODWLRQV&KULVWRSRXORVHWDO>@SUHVHQWHGDQLQWHJUDWHGQXPHULFDOPRGHOIRUWKHRSWLPL]DWLRQRI
KDUERXUOD\RXWGHVLJQ&RQFHUQLQJWKHODERUDWRU\H[SHULPHQWVUHFHQWUHVHDUFKZRUNVZHUHEDVHGRQPRGHUQWHFKQLTXHV
OLNHWKH3DUWLFOH,PDJH9HORFLPHWU\0HWKRG3,97KH3,9PHWKRGLVDQRSWLFDOPHWKRGRIIOXLGYLVXDOL]DWLRQZKLFK
LVXVHGWRREWDLQLQVWDQWDQHRXVYHORFLW\PHDVXUHPHQWV2WKHUWHFKQLTXHVXVHGWRPHDVXUHIORZVDUHD/DVHU'RSSOHU
9HORFLPHWU\DQGE+RW)LOPDQHPRPHWU\7KHPDLQGLIIHUHQFHEHWZHHQ3,9DQGWKRVHWHFKQLTXHVLVWKDWWKHIRUPHU
SURGXFHVWZRGLPHQVLRQDOYHFWRUILHOGVZKLOHWKHRWKHUWHFKQLTXHVPHDVXUHWKHYHORFLW\DWRQHVLQJOHSRLQW$XWKRUV
RI WKLV VWXG\ KDYH SHUIRUPHG H[SHULPHQWV EDVHG RQ WKLV SURFHGXUH 0RUH VSHFLILFDOO\ WKH\ KDYH LQYHVWLJDWHG
H[SHULPHQWDOO\WKHWXUEXOHQWFKDUDFWHULVWLFVRIRSHQFKDQQHOIORZRYHUDSHUPHDEOHRULPSHUPHDEOHEHGXVLQJD3,9
>@
,QWKLVVWXG\WKHRSWLPXPGHVLJQRIWKHRSHQLQJWKURXJKZKLFKDILVKUHIXJHSRQGFRPPXQLFDWHVODWHUDOO\WRWKH
PDLQIORZRIDULYHUZDVLQYHVWLJDWHGERWKH[SHULPHQWDOO\DQGQXPHULFDOO\7KDWRSWLPXPGHVLJQZRXOGEHGHWHUPLQHG
E\ PLQLPL]LQJ WKH SRWHQWLDO VHGLPHQWDWLRQ SKHQRPHQD LQ WKH ILVK UHIXJH EDVLQ 7KH PHDVXUHPHQWV RI WKH IORZ
FKDUDFWHULVWLFVLQWKHODERUDWRU\ZHUHUHDOL]HGZLWKWKH3,9PHWKRGZKLOHWKHPDWKHPDWLFDOVLPXODWLRQVZHUHEDVHG
RQWKHGHYHORSPHQWDQGDSSOLFDWLRQRID'GHSWKDYHUDJHK\GURG\QDPLFPRGHODQGDTXDVL'VHGLPHQWWUDQVSRUW
PRGHO
0HWKRGRORJ\
2.1. Experimental Setup - Measurements 
([SHULPHQWVZHUHFRQGXFWHGLQDKRUL]RQWDOFKDQQHOZLWKPOHQJWKFPKHLJKWDQGFPZLGWKDQGDODWHUDO
VTXDUHEDVLQPLQWKHODERUDWRU\RI+\GUDXOLFVLQWKH'HSDUWPHQWRI&LYLO(QJLQHHULQJRI$OH[DQGHU7HFKQRORJLFDO
(GXFDWLRQDO,QVWLWXWHRI7KHVVDORQLNL*UHHFH7KHPHDVXUHPHQWVZHUHFDUULHGRXWIRUWRWDOZDWHUFKDQQHOGHSWKK 
FPDQGIRUZDWHUGHSWKLQWKHODWHUDOEDVLQK FPIRUHQWUDQFHIORZYHORFLW\PV&RQVHTXHQWO\DVFDOHRIWKH
RUGHU RI  ZDV XVHG WR WKH SK\VLFDO PRGHO LQ WKH ODERUDWRU\ H[SHULPHQW 7KUHH FDVHV FRQFHUQLQJ WKH
FRPPXQLFDWLRQRIWKHPDLQFKDQQHOZLWKWKHODWHUDOEDVLQILVKUHIXJHZHUHH[DPLQHGLQFDVHWKHODWHUDOUHVHUYRLU
LVIXOO\FRQQHFWHGWRWKHPDLQVWUHDPRSHQLQJLQFDVHDSDUDOOHOWRWKHRSHQLQJJURLQRIFPOHQJWKLVSODFHG
VWDUWLQJIURPWKHXSVWUHDPHQGRIWKHRSHQLQJZKLOHLQFDVHDQREOLTXHJURLQRIWKHVDPHOHQJWKLVEXLOWXSVWUHDP
7KHH[SHULPHQWDOVHWXSLVVKRZQLQ)LJXUH
3,9VXVH WKH SDUWLFOH FRQFHQWUDWLRQPHWKRG WR LGHQWLI\ LQGLYLGXDO SDUWLFOHV LQ DQ LPDJH DQG IROORZ WKHLU IORZ
KRZHYHU WUDFNLQJ SDUWLFOHV EHWZHHQ LPDJHV LV QRW DOZD\V D VWUDLJKWIRUZDUG WDVN ,QGLYLGXDO SDUWLFOHV FRXOG EH
³IROORZHG´ ZKHQ WKH SDUWLFOH FRQFHQWUDWLRQ LV ORZ DPHWKRG FDOOHG SDUWLFOH WUDFNLQJ YHORFLPHWU\ ZKHUHDV ODVHU
VSHFNOHYHORFLPHWU\LVXVHGIRUFDVHVZKHUHWKHSDUWLFOHFRQFHQWUDWLRQLVKLJK7KHH[SHULPHQWDOXQFHUWDLQW\RIWKH
PHDVXUHGYHORFLW\ZLWK WKLV WHFKQLTXH LV DSSUR[LPDWHO\  7KH3,9 V\VWHPXVHG IRU WKHPHDVXUHPHQW RI WKH
YHORFLW\GLVWULEXWLRQLQWKHIORZGRPDLQZDVDWZRGLPHQVLRQDORQHFRQVLVWLQJRIDWZLQSXOVHG1G<DJODVHUV
QPZDYHOHQJWKP-SXOVHDW+]DFURVVFRUUHODWLRQELW.[.&&'FDPHUD.RGDN0(*$3/86(6
DV\QFKURQL]HUDFRPSXWHUDQLPDJHDFTXLVLWLRQV\VWHPDQGD3,9DQDO\VLVVRIWZDUH,QVLJKW*7KHODVHUEHDPV
ZHUHFRPELQHGDQGIRUPHGDPPZLGHVKHHWE\XVLQJVHPLF\OLQGULFDORSWLFV7KHFDPHUDLPDJHVL]HKDGî
SL[HODUUD\DQGWKHGLPHQVLRQRIWKHYHORFLW\ILHOGZDVNHSWWRPPîPPIRUDOOWKHH[SHULPHQWV7KLV
PHDQV WKDW WKH UHVROXWLRQRI WKH FDSWXUHG LPDJHVZDV W\SLFDOO\SL[HOPPRU WKDW WKHSL[HO OHQJWKZDV
PP7KHODVHUZDVLQVWDOOHGDERYHWKHWDQNDWDGLVWDQFHRIFPIURPWKHLOOXPLQDWHGZDWHUIUHHVXUIDFHZKLOHWKH
FDPHUDYLHZHGIURPDQRUWKRJRQDOGLUHFWLRQ7ZLQLPDJHVZHUHUHFRUGHGZLWKDWLPHVHSDUDWLRQRIPVHF7KHSODQH
SKRWRJUDSKVZHUH GLYLGHG LQWRLQWHUURJDWLRQ VSRWV PHDVXULQJ î  SL[HOV  PP î  PP 7KH FURVV
FRUUHODWLRQEHWZHHQWKHLQWHUURJDWLRQVSRWVGHWHUPLQHGWKHPHDQGLVSODFHPHQWRIWKHSDUWLFOHVDQGWKHUHRIWKHYHORFLW\
YHFWRU7KHFURVVFRUUHODWLRQRSHUDWLRQZDVEDVHGRQWKHFRUUHODWLRQWKHRUHPVWDWLQJWKDWWKHFRUUHODWLRQRQWKHVSDWLDO
GRPDLQEHFRPHVPXOWLSOLFDWLRQRQWKHIUHTXHQF\GRPDLQ&RUUHODWLRQPDGHXVHRIWKH))7$GMDFHQWLQWHUURJDWLRQ
VSRWVZHUHRYHUODSSHGE\SURYLGLQJDUHVROXWLRQRIDERXWPP$IWHUWKDWFDOFXODWLRQWKHYHORFLW\GDWDZHUH
ILOWHUHGZLWKDVLJQDOWRQRLVHILOWHUDSHDNKHLJKWILOWHUDQGJOREDODQGORFDOILOWHUVLQRUGHUWRUHPRYHHUURUYHFWRUV
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,QWRWDOSDLUVRILPDJHVZHUHFDSWXUHGSHUH[SHULPHQW7KHYDOLGDWLRQRIWKHLPDJHVZDVEDVHGRQD3,9DQDO\VLV
VRIWZDUH ,QVLJKW * )URP WKH YHORFLW\ ILHOGV WKH YHORFLW\ SURILOHV DW YDULRXV SRVLWLRQVZHUH GHWHUPLQHG XVLQJ
0DW/DEZKLFKLVLQWHJUDWHGLQWKH,QVLJKW*SURJUDP7KHPHDVXUHPHQWVZHUHFRQGXFWHGDWDPGLVWDQFHIURPWKH
FKDQQHO¶VHQWUDQFHZKHUHWKHIORZLVFRQVLGHUHGIXOO\GHYHORSHG7KHIXOOGHYHORSPHQWRI WKHIORZZDVHYDOXDWHG
FRPSDULQJWKHYHORFLW\GLVWULEXWLRQVDERYHWZRYHUWLFDOVHFWLRQVZLWKDFPVHSDUDWLRQGLVWDQFH7KHXQLIRUPLW\RI
WKH IORZZDV FKHFNHGPHDVXULQJ WKH IORZ GHSWKZLWK SRLQW JDXJHV DW WZR FURVVVHFWLRQV P EHWZHHQ WKH WZR
VHFWLRQV7KHGHVLUDEOHIORZGHSWKLQWKHGRZQVWUHDPVHFWLRQFRXOGEHFRQWUROOHGXVLQJDZHLUDWWKHFKDQQHO¶VRXWOHW
7KHHUURURIWKHPHDVXUHGIORZGHSWKZLWKWKHSRLQWJDXJHZDVr PP7KHWRWDOGLVFKDUJHZDVPHDVXUHGDWWKH
FKDQQHO¶VRXWOHWXVLQJDWULDQJXODUWDQN

)LJ([SHULPHQWDOVHWXS
2.2. Mathematical Modelling Set Up 
2.2.1. Geometry of the System of the channel and its lateral basin  
7KH LQYHVWLJDWLRQ RI WKH K\GURG\QDPLFV DQGPDWWHU WUDQVSRUWLQ D V\VWHP FRQVLVWLQJ RI D FKDQQHO DQG D ODWHUDO
UHVHUYRLUZDVEDVHGRQWKHGHYHORSPHQWDQGDSSOLFDWLRQRID'GHSWKDYHUDJHK\GURG\QDPLFPRGHODQGDTXDVL'
VHGLPHQWWUDQVSRUWPRGHO7KHPRGHOVZHUHUHDOL]HGLQWKHILHOGRIJHRPHWU\GHSLFWHGLQ)LJZLWKWKHGLVFUHWL]DWLRQ
RIWKHKRUL]RQWDOSODQHZLWKVSDWLDOVWHSǻ[ ǻ\ PJULGFHOOVDW[DQGDW\D[HVDQGWLPHVWHSǻW VHF
7KHGHSWKRIWKHPDLQFKDQQHOVLPXODWLQJWKHPDLQIORZRIDULYHUZDVPZKLOHWKHGHSWKLQWKHODWHUDOUHVHUYRLU
VLPXODWLQJWKHILVKSRQGZDVP7KHIORZYHORFLW\LQWKHFKDQQHOLQWKHHQWUDQFHOHIWRSHQLQJRIWKHFKDQQHO
ZDVWDNHQPV

)LJ7KHODWHUDOUHVHUYRLUIXOO\FRQQHFWHGWRWKHPDLQVWUHDP
7KH[DQG\D[HVLQILJXUHUHIHUWRWKHQXPEHURIJULGFHOOV1XPEHULQGLFDWHVWKHLQLWLDOVFHQDULRZLWKRXWDQ\
JURLQV$SDUW IURP WKH LQLWLDOFRQILJXUDWLRQ WZRDOWHUQDWLYHFRQILJXUDWLRQV LH VFHQDULRVDQGFRQFHUQLQJ WKH
FRPPXQLFDWLRQEHWZHHQWKHFKDQQHODQGWKHODWHUDOUHVHUYRLUZHUHDOVRWDNHQLQWRFRQVLGHUDWLRQ)LJ
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
)LJ7KHDOWHUQDWLYHFDVHVRIFRPPXQLFDWLRQEHWZHHQWKHFKDQQHODQGWKHODWHUDOEDVLQDIRUFDVHDQGEIRUFDVH
)LJGHSLFWVWZRDOWHUQDWLYHFDVHVRIFRPPXQLFDWLRQEHWZHHQWKHFKDQQHODQGWKHODWHUDOEDVLQFDVHDQGFDVH
0RUHVSHFLILFDOO\LQFDVHDSDUDOOHOWRWKHRSHQLQJJURLQSDUWLDOO\FORVLQJLWLVSODFHGVWDUWLQJIURPWKHXSVWUHDP
HQGRIWKHRSHQLQJZKLOHLQFDVHDQREOLTXHJURLQLVEXLOWXSVWUHDP
2.2.2. Hydrodynamic and matter transport models 
7KHK\GURG\QDPLFVLPXODWLRQVZHUHSHUIRUPHGIRUFRQWLQXRXVZDWHUVXSSO\LQWKHOHIWERXQGDU\FRUUHVSRQGLQJWR
DFXUUHQW YHORFLW\  PV 6WHDG\ VWDWH FRQGLWLRQV ZHUH DOZD\V UHDFKHG LQ DOO WKH QXPHULFDO H[SHULPHQWV 7KH
JRYHUQLQJHTXDWLRQVZKLFKGHVFULEHWKHK\GURG\QDPLFWZRGLPHQVLRQDOFLUFXODWLRQDUHWKHZHOONQRZQHTXDWLRQVRI
WKH PRPHQWXP DQG PDVV FRQVHUYDWLRQ 7KH NQRZOHGJH RI WKH YHORFLW\ ILHOG REWDLQHG IURP WKH K\GURG\QDPLF
VLPXODWLRQDOORZVWKHQIRUWKHWUDQVSRUWVLPXODWLRQ7KHWUDQVSRUWPRGHODSSOLHGLQWKLVZRUNZDVEDVHGRQWKH7UDFHU
0HWKRG >    @ $GYHFWLRQ GLIIXVLRQ DQG VHGLPHQWDWLRQ SURFHVVHV FDQ EH VLPXODWHG LQ WKLV PHWKRG
$FFRUGLQJ WR WKLVPHWKRG D ODUJHQXPEHURISDUWLFOHV UHSUHVHQWLQJ DSDUWLFXODUPDVV DUH LQWURGXFHG LQ WKH IORZ
GRPDLQ WKURXJK D VRXUFH  SDUWLFOHV KDYH EHHQ XVHG KHUH PRUH VSHFLILFDOO\ WKHVH SDUWLFOHV DUH UHOHDVHG
LQVWDQWDQHRXVO\IURPWKHHQWUDQFHRIWKHFKDQQHO7KHWUDQVSRUWDQGIDWHRIWKHSDUWLFOHVLVWUDFHGLQWLPHDQGILQDOO\
WKHSDUWLFOHGLVWULEXWLRQLQWKHFKDQQHODQGWKHEDVLQLVFDOFXODWHGIURPWKHQXPEHURISDUWLFOHVLQHDFKJULGER[
5HVXOWV
3.1. Laboratory experiments  
7KHYHORFLW\ SDWWHUQV UHVXOWHG IURP WKH ODERUDWRU\ H[SHULPHQWV IRU HQWUDQFH IORZYHORFLW\ PVDQG IRU WKH
IROORZLQJH[SHULPHQWDOVFHQDULRVFDVHVDFDVHZLWKD ODWHUDO UHVHUYRLU IXOO\DQGIUHHO\FRQQHFWHGWR WKHPDLQ
VWUHDPZLWKRXWDQ\JURLQILJXUHVEFDVHZLWKDSDUDOOHOWRWKHRSHQLQJEHWZHHQWKHFKDQQHODQGWKHODWHUDO
EDVLQJURLQSDUWLDOO\FORVLQJLWILJXUHVDQGFWRFDVHZLWKDQREOLTXHJURLQEXLOWXSVWUHDPILJXUHV
,QDOOWKHFDVHVWKHKRUL]RQWDOYHORFLWLHVDORQJ[DQG\D[HVZHUHFDOFXODWHGLQWKHDUHDVGHSLFWHGZLWKWKHUHFWDQJXODU
³ZLQGRZV´RIWKHILJXUHV0RUHDQDO\WLFDOO\ILJXUHGHSLFWVWKHSDUWRIWKHK\GUDXOLFV\VWHPFDVHDQGWKH
UHFWDQJXODUVWXG\DUHD)LJXUHGHSLFWWKH8YHORFLW\FRPSRQHQWWKDWUDQJHVEHWZHHQDQGPVDQGWKH9
YHORFLW\FRPSRQHQWZLWKORZYDOXHVDURXQGPVLQGLFDWLQJKRZHYHUIORZIURPWKHPDLQFKDQQHOWRWKHODWHUDO
EDVLQ7KHDUURZVLQILJXUHVDQGGHSLFWWKHIORZDWWKHHQWUDQFHRIWKHFKDQQHO

)LJ&DVHZLWKIUHHFRPPXQLFDWLRQEHWZHHQWKHFKDQQHODQGWKHODWHUDOEDVLQ


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
)LJ9HORFLW\SURILOHVDDW[DQGEDW\GLUHFWLRQVFDVH
)LJFRUUHVSRQGVWRFDVHDQGGHSLFWVWKHWZRUHFWDQJXODUVWXG\DUHDV)LJXUHVDQGDUHDVDQGUHVSHFWLYHO\
GHSLFWWKH8YHORFLW\FRPSRQHQWUDQJLQJIURPWRPVDQGWKH9YHORFLW\ZLWKQHDUO\]HURYDOXHVLQGLFDWLQJ
WKDWWKHIORZIURPWKHPDLQFKDQQHOWRWKHODWHUDOEDVLQLVQHJOLJLEOH

)LJ&DVHZLWKDJURLQSDUDOOHOWRWKHRSHQLQJJURLQSDUWLDOO\FORVLQJLW

)LJ9HORFLW\SURILOHVDDW[DQGEDW\GLUHFWLRQVLQDUHDFDVH

)LJ9HORFLW\SURILOHVDDW[DQGEDW\GLUHFWLRQVLQDUHDFDVH
)LQDOO\ILJXUHFRUUHVSRQGVWRFDVHDQGGHSLFWVWKHWZRUHFWDQJXODUVWXG\DUHDV)LJXUHVDQGDUHDVDQG
UHVSHFWLYHO\GHSLFWWKH8YHORFLW\FRPSRQHQWUDQJLQJIURPWRPVDQGWKH9YHORFLW\ZLWKYDOXHVIURP
DUHDWRDUHDLQGLFDWLQJDZDWHUPDVVH[FKDQJHVEHWZHHQWKHPDLQVWUHDPDQGWKHODWHUDOEDVLQ
DQGESUHYDLOLQJIORZIURPWKHPDLQFKDQQHOWRWKHODWHUDOEDVLQDUHD
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
)LJ&DVHZLWKDQREOLTXHJURLQEXLOWXSVWUHDPDWWKHOHIWFRUQHURIWKHEDVLQ

)LJ9HORFLW\SURILOHVDDW[DQGEDW\GLUHFWLRQVLQDUHDFDVH

)LJ9HORFLW\SURILOHVDDW[DQGEDW\GLUHFWLRQVLQDUHDFDVH
7KHQWKHFDOFXODWLRQRIWKHWUDSSHGPDVVLQWKHODWHUDOEDVLQIROORZHG)RUWKDWUHDVRQDSDUWLFXODUPDVVRISDUWLFOHV
ZDVSODFHGXQLIRUPO\ DW WKHHQWUDQFHRI WKH FKDQQHODQG WKHQ WKHPDVV WUDSSHG LQ WKHEDVLQZDVPHDVXUHGZLWK D
YROXPHWULFWXEH)LQDOO\LQDOOFDVHVWKHWUDSSHGPDVVZDVIRXQGWREHRIWKHRUGHURIRIWKHLQLWLDOPDVVZLWKWKH
OHVVDPRXQWRIPDVVFRUUHVSRQGLQJWRFDVH
3.2. Numerical experiments  
7KHQXPHULFDO H[SHULPHQWV OHG WR WKH IROORZLQJYHORFLW\SDWWHUQV ILJXUHV7KH VWXG\RI WKH DERYH
YHORFLW\ILHOGVUHYHDOVWKDWWKHUHLVDK\GURG\QDPLFLQWHUDFWLRQEHWZHHQWKHPDLQVWUHDPRIWKHFKDQQHODQGWKHODWHUDO
EDVLQ7KHH[WHQGRIWKDWLQWHUDFWLRQLVREYLRXVO\GHWHUPLQHGIURPWKHPDJQLWXGHRIWKHYHORFLW\DWWKHHQWUDQFHRIWKH
FKDQQHODQGWKXVLQWKHPDLQVWUHDP,WVHHPVWKDWIORZIURPWKHPDLQFKDQQHOWRWKHODWHUDOUHVHUYRLULVYHU\ZHDN
DSDUWIURPWKHWKLUGFDVHFDVHZLWKWKHREOLTXHJURLQZKHUHODUJHYHORFLWLHVLQWKHPDLQFKDQQHODUHREVHUYHGDQG
DOVRODUJHYHORFLW\JUDGLHQWVPDLQO\WRWKH\GLUHFWLRQ)XUWKHUPRUHWKHYHORFLW\YDOXHVUHVXOWHGIURPWKHQXPHULFDO
VLPXODWLRQVYDU\IURPPVWRPVFDVHVDQGRUHYHQPVFDVH7KHODUJHUYHORFLWLHVLQWKH
DUHDVFORVHWRWKHRSHQLQJDUHOLPLWHGWRPV7KRVHK\GURG\QDPLFFKDUDFWHULVWLFVVHHPWREHLQOLQHZLWK
WKHH[SHULPHQWDOILQGLQJVZKLFKZHUHSUHYLRXVO\SUHVHQWHGLQXQLW

;ϮͿ
;ϭͿ
355 George Pechlivanidis et al. /  Procedia Engineering  162 ( 2016 )  349 – 356 

)LJ9HORFLW\ILHOGIRUFDVH

)LJ9HORFLW\ILHOGIRUFDVH   )LJ9HORFLW\ILHOGIRUFDVH
$IWHU WKHK\GURG\QDPLF VLPXODWLRQ WKHPDWWHU WUDQVSRUWPRGHO OHG ILQDOO\ WR WKHSURSRUWLRQRI WKH LQLWLDOPDVV
QXPEHURISDUWLFOHVWUDSSHGLQWKHUHVHUYRLUJLYHQLQWDEOH$SDUWLFOHVHWWOLQJYHORFLW\RIPVZDVXVHG
KHUHVLPXODWLQJEHWWHUWKHVHGLPHQWDWLRQRIILQHJUDLQHGVHGLPHQWV,WLVREYLRXVWKDWFDVHVHHPVWREHWKHRSWLPXP
FRQILJXUDWLRQ VR WKDW WKH DLP RI PLQLPL]LQJ SRVVLEOH VHGLPHQWDWLRQ LQ WKH UHVHUYRLU FRXOG EH EHWWHU DFKLHYHG
&RQFHUQLQJFDVHLWVKRXOGEHQRWHGWKDWFXUUHQWYHORFLWLHVDWWKHHQGRIWKHVSXUVHHPWREHVLJQLILFDQWO\LQFUHDVHG
UHVXOWLQJFRQVHTXHQWO\WRLQFUHDVHGDPRXQWRIWUDSSHGPDVV
7DEOH3HUFHQWDJHRIWKHWRWDOPDVVWUDSSHGLQWKHUHVHUYRLUQXPHULFDOH[SHULPHQWV
&DVH 3HUFHQWDJHRIWKHWRWDOPDVVWUDSSHGLQWKHEDVLQQXPEHURIWUDSSHGSDUWLFOHV
 
 
  
'LVFXVVLRQ&RQFOXVLRQV
7KHRSWLPXPGHVLJQRIWKHRSHQLQJWKURXJKZKLFKDILVKUHIXJHSRQGFRPPXQLFDWHVODWHUDOO\WRWKHPDLQIORZRI
DULYHUZDVLQYHVWLJDWHG7KHIROORZFRQFOXVLRQVDUHGHULYHGDWKHFRPSDULVRQRIWKHILQDOUHVXOWVRIWKHPDWKHPDWLFDO
PRGHOVZLWKWKHILQGLQJVRIWKHSK\VLFDOPRGHOUHYHDOVWKHK\GURG\QDPLFLQWHUDFWLRQDQGFRXSOLQJEHWZHHQWKHPDLQ
IORZRIWKHFKDQQHODQGWKHODWHUDOUHVHUYRLUOHDGLQJWRWKHRSWLPXPWHFKQLFDOGHVLJQRIWKHV\VWHPEUHVXOWVVKRZ
WKDWWKHRSWLPXPWHFKQLFDOGHVLJQRIWKHV\VWHPLVWKHFDVHZLWKWKHSDUDOOHOWRWKHRSHQLQJJURLQSDUWLDOO\FORVLQJLW
ZKHUH WKH VPDOOHU DPRXQW RI PDVV LV WUDSSHG LQ WKH ODWHUDO EDVLQ F WKHUH LV D YHU\ JRRG DJUHHPHQW EHWZHHQ
H[SHULPHQWDODQGQXPHULFDOUHVXOWV
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